Objective: To evaluate the structural validity of the Wechsler Intelligence Scale for Children-Fourth Edition (WISC-IV). Method: Confirmatory factor analyses were applied to a sample of 233 students diagnosed with ADHD by school multidisciplinary evaluation teams to evaluate the relative fit of the following competing models: (a) one factor, (b) two oblique verbal and nonverbal factors, (c) three oblique verbal, perceptual, and combined working memory/processing speed factors, (d) four oblique verbal, perceptual, working memory, and processing speed factors, (e) a higher-order model with four first-order factors, and (f) a bifactor model with four domain-specific factors. Results: A higher-order four-factor model fit the data best, which was composed of a general intelligence factor and four domain-specific factors that matched the four factors specified in the WISC-IV technical and interpretive manual. Moreover, the general intelligence factor explained more than two times the total variance contributed by all four domain-specific factors combined. Conclusions: Results substantiate previous research on the WISC-IV, indicating that the general intelligence factor contributes the most reliable information. Consequently, it is recommended that interpretation of the WISC-IV remain at the Full-Scale IQ score level. (J. of Att. Dis. 2017; 21(11) [921][922][923][924][925][926][927][928] 
IQ test scores have been noted as clinically useful in the diagnosis and treatment planning for students with ADHD because they can be used to make differential diagnoses (i.e., ADHD compared with intellectual impairment), may contribute explanatory information regarding presenting symptoms (i.e., low working memory or processing speed scores), and can ostensibly aid intervention planning by identifying patterns of cognitive strengths and weaknesses (Schwean & McCrimmon, 2008; Schwean & Saklofske, 1998) . However, the validity of these test score interpretations is contingent upon empirical evidence in support of the match between the scoring structure of the test and the underlying theoretical structure of the construct the test purportedly measures (Loevinger, 1957) . This is referred to as structural validity, which is appraised using exploratory and confirmatory factor analytic (EFA and CFA) statistical techniques (Messick, 1995) .
The Wechsler Intelligence Scale for Children-Fourth Edition (WISC-IV; Wechsler, 2003a) is the most recently published version of the Wechsler intelligence scales, which are among the most commonly administered standardized individual intelligence tests for children and adolescents (Braden, 2013) . According to the WISC-IV technical and interpretive manual, the structure of intelligence measured by the WISC-IV is composed of four domain-specific factors measuring working memory, processing speed, perceptual reasoning, and verbal comprehension as well as a general intelligence factor (Wechsler, 2003b) . This general structure has been supported in the standardization sample (Wechsler, 2003b) , with clinical samples (Bodin, Pardini, Burns, & Stevens, 2009; Canivez, 2014; Devena, Gay, & Watkins, 2013; Nakano & Watkins, 2013; Styck & Watkins, 2014; Watkins, 2010) , between samples with and without clinical disorders (Chen & Zhu, 2012; Weiss, Keith, Zhu, & Chen, 2013) , across age (Keith, Fine, Taub, Reynolds, & Kranzler, 2006) and across sex (Chen & Zhu, 2008) . Moreover, the structural validity of the WISC-IV has also been supported in international versions of the test (Golay, Reverte, Rossier, Favez, & Lecerf, 2013; Watkins, Canivez, James, James, & Good, 2013) .
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1 University of Texas at San Antonio, TX, USA 2 Baylor University, Waco, TX, USA validity of the WISC-IV with a homogeneous sample of students with ADHD (Thaler et al., 2012; P. Yang et al., 2013) -only one of which was conducted on the U.S. version of the test (Thaler et al., 2012) . Thaler et al. (2012) compared the four-factor model reported in the WISC-IV technical and interpretive manual (Wechsler, 2003b) with the Cattell-Horn-Carroll (CHC) theoretical structure of intelligence (McGrew, 1997 (McGrew, , 2005 using the 10 core WISC-IV subtests for a sample of 314 children and adolescents aged 6 to 16.6 years old with a primary diagnosis of ADHD provided by a pediatric neuropsychologist at a private practice clinic following Diagnostic and Statistical Manual of Mental Disorders (4th ed., text rev; DSM-IV-TR; American Psychiatric Association [APA], 2000) diagnostic criteria. Participants consisted predominantly of males (70%) and carried comorbid diagnoses of reading disorder (28%), mathematics disorder (18%), disorder of written expression (25%), oppositional defiant disorder (6%), and developmental coordination disorder (19%), all of which are consistent with epidemiologic studies of ADHD with community and clinical samples (Bauermeister et al., 2007) .
The CHC model evaluated in Thaler et al. (2012) consisted of five domain-specific factors, including Gc (Vocabulary, Similarities, and Comprehension subtests), Gf (Picture Concepts and Matrix Reasoning subtests), Gv (Block Design and Symbol Search subtests), Gs (Symbol Search and Coding subtests), and Gsm (Digit Span and Letter-Number Sequencing subtests) as well as a general intelligence factor, g. Results indicated that the Wechsler (2003b) model fits the data well, χ 2 (30) = 54.17, p < .01; comparative fit index (CFI) = .97; root mean square error of approximation (RMSEA) = 0.05, but the CHC model was determined to fit the data better despite marginal differences in fit statistics, χ 2 (24) = 32.26, p = .12, CFI = 0.99, RMSEA = 0.04. Nonetheless, CHC models contain numerous interpretive challenges. Thaler et al. reported that Gf loaded 0.97 onto g, which is consistent with other studies investigating the CHC factor structure with the Wechsler scales (Keith et al., 2006; Weiss et al., 2013) and suggests that these two factors may not be independent. Second, Symbol Search was permitted to cross-load onto Gv and Gs. This violates simple structure and complicates the interpretation of these two factors as measuring different latent constructs (Thurstone, 1940) . Moreover, results of the Schmid and Leiman (1957) orthogonalization procedure applied to the CHC model revealed that g accounted for 62.5% of the total variance and the five CHC domain-specific factors contributed negligible information (i.e., Gc = 11.2%, Gf = 0.9%, Gv = 2.9%, Gs = 17.1%, and Gsm = 5.4%).
P. Yang et al. (2013) investigated the structural validity of the Chinese version of the WISC-IV (Wechsler, 2007) with a sample of 334 children and adolescents aged 7 to 11 years recruited from the outpatient service of a psychiatric hospital in Taiwan. ADHD was diagnosed according to DSM-IV-TR criteria and the majority of participants were male, similar to Thaler et al. (2012) and commonly reported in samples of children and adolescents with ADHD (Bauermeister et al., 2007) . Results indicated that the fourfactor model reported in the WISC-IV technical and interpretive manual fit the data well, χ 2 (30) = 50.47, p = .008, CFI = 0.99, RMSEA = 0.05, accruing additional support for the structural validity of the WISC-IV with children and adolescents diagnosed with ADHD.
However, previous research on the U.S. version of the WISC-IV is limited to one study conducted with a sample of children and adolescents diagnosed with ADHD from a single pediatric neuropsychologist in a specific geographic location (Thaler et al., 2012) . The diagnosis of ADHD in school-based samples is markedly different because it involves adherence to the Individuals With Disabilities Education Improvement Act (2004) and eligibility decisions made by school multidisciplinary evaluation teams. Therefore, it is important to empirically evaluate the structural validity of the WISC-IV for school-based samples because different diagnostic criteria are used to identify ADHD in school settings, and these differences may produce samples with distinctive characteristics. Furthermore, Thaler et al. only compared the four-factor model delineated in the WISC-IV technical manual with a CHC model, whereas Wechsler's (2003b) study contained comparisons between models with one-, two-, three-, four-, and five-correlated factors. Likewise, P. Yang et al. (2013) only evaluated the fit of the four-factor model cited in Wechsler (2003b) as providing a superior fit to the standardization sample data and did not compare the fit of the four-factor solution to any competing models.
The relative fit of the alternative models presented in Wechsler (2003b) to a sample of school children and adolescents diagnosed with ADHD remains unknown. Consequently, the purpose of the present investigation is to evaluate the structural validity of the WISC-IV in a schoolbased sample to expand research on the structure of the WISC-IV to this target population.
Method

Participants
Participants were 233 (70% male) students with ADHD enrolled in two large Southwestern school districts. School multidisciplinary evaluation teams determined that participants met federal and state criteria for students with Other Health Impairment due to ADHD diagnoses. Diagnostic decisions were guided by recommendations made from special education eligibility evaluation results and verified by a physician in accordance with Arizona Administrative Code (R7-2-401). Educational records indicated that participants' ethnic/racial background was 80.3% Caucasian, 9.9% Hispanic, 5.2% African American, 0.40% Native American, 0.40% Asian/Pacific, and 3.9% Other/Missing. Students were 6 to 16 years of age (M = 10.5, SD = 2.6 years) and enrolled in kindergarten through Grade 10 (Md = 4). Participants received secondary diagnoses of learning disabilities (7%), severe language impairments (4%), emotional disabilities (3%), and other (3.5%).
Instruments
The WISC-IV contains 10 core and 5 supplemental subtests, each with a population mean of 10 and a standard deviation of 3. The core subtests are used to create fourfactor index scores: (a) the Verbal Comprehension Index (VCI) from the Similarities, Vocabulary, and Comprehension subtests; (b) the Perceptual Reasoning Index (PRI) from the Block Design, Matrix Reasoning, and Picture Concepts subtests; (c) the Working Memory Index (WMI) from the Digit Span and Letter-Number Sequencing subtests; and (d) the Processing Speed Index (PSI) from the Coding and Symbol Search subtests. The Full-Scale IQ (FSIQ) is computed from all 10 core subtests. The factor indices and FSIQ each have a population mean of 100 and a standard deviation of 15. The supplemental subtests were not included in this study because they were rarely administered to this sample of students (N = 3-19 per supplemental subtest).
Examiners used a variety of academic achievement measures, but the majority of scores were from a version of the Wechsler Individual Achievement Test (37%) and a version of the Woodcock-Johnson Tests of Achievement (59%). Both measures are well-developed scales with nationally representative normative samples and strong psychometric characteristics (Thorndike & Thorndike-Christ, 2010) .
Procedures
Participants were enrolled in two large Southwestern public school districts. The first district had an enrollment of 32,500 students and included 31 elementary, 8 middle, and 6 high schools. The second district served 26,000 students in 2009 to 2010, with 16 elementary schools, 3 kindergarten through eighth-grade schools, 6 middle schools, 5 high schools, and 1 alternative school. School district demographics were collected from information provided by the National Center for Education Statistics (2012). The first district was comprised of approximately 84% non-Hispanic or Latino students, with 6% of their students identified as English Language Learners. The second district was comprised of approximately 88% non-Hispanic or Latino students, with 4% of their students identified as English Language learners.
After obtaining Internal Review Board and school district approval, eight trained school psychology doctoral students examined approximately 7,500 student special education files and retrieved assessment data from all special education files spanning the years 2003 to 2010 where psychologists had administered the WISC-IV. Following this procedure, data were obtained on 233 students with a primary diagnosis of ADHD who had been administered all 10 core WISC-IV subtests.
Analyses
Mplus 7 for the Macintosh (Muthén & Muthén, 2012 ) was used to conduct CFA using maximum likelihood estimation with Satorra and Bentler (1994) scaling to correct for departures from multivariate normality. Consistent with previous WISC-IV structural analyses, four first-order models and two hierarchical models were specified and examined: (a) one factor; (b) two oblique verbal and nonverbal factors; (c) three oblique verbal, perceptual, and combined working memory/processing speed factors; (d) four oblique verbal, perceptual, working memory, and processing speed factors as per Wechsler (2003b) ; (e) a higher-order model (as per Bodin et al., 2009 ) with four first-order factors; and (f) a bi-factor (sometimes called direct hierarchical or nested) model (as per Watkins, 2010) with four domain-specific factors. See Gignac (2008) for a detailed description of higher-order and bi-factor models.
Although there are no universally accepted cutoff values for model fit indices, multiple indices that represented a variety of fit criteria were examined (Kline, 2011) . (Hu & Bentler, 1999) . There are no specific criteria for information-based fit indices such as the AIC, but smaller values indicate better approximations of the true model (Vrieze, 2012) . For a model to be deemed superior, it had to (a) exhibit good fit according to CFI, RMSEA, and SRMR standards and (b) display the smallest AIC value.
Finally, factor reliabilities were estimated with coefficient omega (ω) and omega hierarchical (ω h ) as per Watkins (2013) . The traditional coefficient alpha reliability estimate has long been known to be biased (Sijtsma, 2009; Y. Yang & Green, 2011) , and coefficient omega has been recommended as its replacement (Brunner, Nagy, & Wilhelm, 2012; Reise, 2012) . Omega estimates reliability based on the total systematic variance in each factor including variance from the general factor and the domain-specific factor, whereas omega hierarchical estimates the reliability of each factor with variance from the general factor removed. Thus, ω h controls for that part of reliability due to the general factor and is useful for judging the utility of factor index scores (Reise, 2012) . There are no absolute standards for evaluating the magnitude of ω or ω h , but it has been tentatively suggested that values near .75 might be preferred, and values greater than .50 might be a minimum (Reise, Bonifay, & Haviland, 2013) .
Results
As reflected in Table 1 , WISC-IV subtest and index scores were generally lower than the national average (d ≈ −0.33) with consistent reading and math scores. These descriptive statistics were expected because lower cognitive and achievement scores are frequently observed in clinical samples (Benson & Taub, 2013; Watkins, 2010) . Univariate skewness and kurtosis values were unremarkable (Curran, West, & Finch, 1996) , but multivariate normality was rejected (χ 2 = 92.81, df = 20, p < .001; Doornik & Hansen, 2008) .
The model fit statistics presented in Table 2 illustrate the increasingly better fit obtained from 1 to 4 first-order factors. Based on the standards for CFI, RMSEA, and SRMR indices, the correlated four-factor, higher-order, and bi-factor models were all good fits to the data. The four factors were highly correlated (Md = .68) in the oblique first-order model, suggesting the presence of a general factor (Gorsuch, 1983) , making that model an inadequate explanation of the data. In addition, the bi-factor model estimated a residual variance for the Block Design subtest that was less than 0. When the offending residual was constrained to be above 0, several individual parameters were not statistically significant. Given these difficulties, the bi-factor model was removed from consideration (Kline, 2011) . Thus, the higher-order model was selected as the best explanation of the WISC-IV factor structure among students with ADHD (see Figure 1) . Table 3 presents decomposed WISC-IV subtest variance estimates based on the higher-order model illustrated in Note. CFA = confirmatory factor analytic; CFI = comparative fit index; RMSEA = root mean square error of approximation; SRMR = standardized root mean square residual; AIC = Akaike's information criterion; WISC-IV = Wechsler Intelligence Scale for Children-Fourth Edition.
a Two indicators of third and fourth factors were constrained to equality to allow model identification and the residual variance of the Block Design subtest was constrained greater than 0. Figure 1 . The general factor accounted for 66.7% of the common variance and 33.2% of the total variance, the VC factor accounted for 14.6% of the common variance and 7.3% of the total variance, the PR factor accounted for 3.4% of the common variance and 1.7% of the total variance, the WM factor accounted for 3.6% of the common variance and 1.8% of the total variance, and the PS factor accounted for 11.8% of the common variance and 5.9% of the total variance (see Table 3 ). Thus, the g factor accounted for about twice as much common and total variance as the domain-specific factors (66.7% vs. 33.3% and 33.2% vs. 16.6%, respectively). The general factor explained more variance in all subtests than their respective first-order factors with the exception of Coding and Symbol Search, where the PS factor and g factor were equally influential. In addition, communality was lower than uniqueness for 6 of the 10 WISC-IV subtests. The omega and omega hierarchical coefficients presented in Table 3 are model-based estimates of the reliability of the WISC-IV factors. In the case of the four coefficients estimated the scale reliabilities with the effects of the general factor removed and ranged from .09 (PR) to .37 (PS). These values suggest that "the interpretation of the subscales as precise indicators of unique constructs is extremely limited-very little reliable variance exists beyond that due to the general factor" (Reise, 2012, p. 691) . In contrast, the g factor exhibited a ω h coefficient of .78.
Discussion
The present investigation empirically evaluated the structural validity of the WISC-IV with a sample of students diagnosed with ADHD by school multidisciplinary evaluation teams. Results indicated that a higher-order four-factor model with four domain-specific factors matching those delineated in Wechsler (2003b) offered a good fit to the data compared with multiple competing models. Thus, these results support the structural validity of the WISC-IV for a sample of students diagnosed with ADHD.
Particularly noteworthy is the amount of variance explained by each domain-specific factor over and above the general intelligence factor. The general intelligence factor contributed 33.2% of the total subtest variance, whereas the combined domain-specific factors only contributed an additional 16.5%. This indicates that the domain-specific factors accounted for less than half of the variance attributed to the general intelligence factor. The second largest portion of the total variance was contributed by the verbal comprehension factor, which amounted to a mere 7.3%. Moreover, omega hierarchical coefficients indicated that the general intelligence factor offered the highest estimate of reliability (ω h = 0.78) with estimates for the remaining four domain-specific factors falling well below conventional notions of acceptability (Reise et al., 2013) .
Some researchers claim that interpretation of WISC-IV index scores can yield clinically meaningful information that can be used to make diagnostic decisions and aid intervention planning (Flanagan, Ortiz, & Alfonso, 2013; Schwean & McCrimmon, 2008) . However, results of the present study are consistent with previous research investigating the structural validity of the WISC-IV for clinical samples that strongly indicates interpretation should remain at the FSIQ score level (Bodin et al., 2009; Canivez, 2014; Devena et al., 2013; Golay et al., 2013; Nakano & Watkins, 2013; Styck & Watkins, 2014; Thaler et al., 2012; Watkins, 2010; Watkins et al., 2013) . The general intelligence factor contributes the most reliable information for the WISC-IV, which is approximated by the FSIQ score. A basic tenet of measurement holds that "without some degree of consistency, the issue of accuracy may not be germane" (Viswanathan, 2005, p. 6) . Given that empirical research on the WISC-IV has repeatedly demonstrated that the domainspecific factors contribute inconsequential information that is imprecise (Canivez, 2014; Devena et al., 2013; Styck & Watkins, 2014; Watkins et al., 2013) , what information can the WISC-IV index scores provide that is accurate and of clinical importance?
The present study included a homogeneous sample of students diagnosed with ADHD. However, school multidisciplinary evaluation teams were responsible for making eligibility decisions and these decisions may not adhere to current diagnostic criteria outlined in the Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5; APA, 2013). Therefore, results may not generalize to samples outside of school-based settings. Furthermore, epidemiologic studies suggest that most children are diagnosed with ADHD-Predominantly Inattentive Type, with the prevalence of children diagnosed with ADHDPredominantly Hyperactive-Impulsive Type or ADHDCombined Type approximately equal (Froehlich et al., 2007) . It is possible that the underlying factor structure of the WISC-IV may differ as a function of the particular subtype of ADHD diagnosis present (Greven, Rijsdijk, & Plomin, 2011; McKee, 2012 ).
An additional limitation of the present study includes the absence of information regarding the medication status of participants. It is possible that the factor structure of the WISC-IV may be different for children and adolescents with ADHD who are taking medication compared with those who are not taking medication. Future research on the structural validity of the WISC-IV should empirically evaluate the impact of these and other variables. Limitations notwithstanding, results of the present study corroborate previous research on the structure of the WISC-IV with clinical samples (Bodin et al., 2009; Canivez, 2014; Devena et al., 2013; Nakano & Watkins, 2013; Styck & Watkins, 2014; Watkins, 2010) and add support for the structural validity of the test with students diagnosed with ADHD (Thaler et al., 2012; P. Yang et al., 2013) .
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